The available collections of the lichen genus Pertusaria from the eastern parts of Central Africa (mainly in the Albertine Rift in Congo/Kivu, Burundi and Rwanda) and Western Kenya yielded 21 species. Four are described as new for science: Pertusaria fosseyae, P. kinigiensis, P. krogiae and P. lambinonii. The following species are new reports for Africa: P. commutata, P. maritima, P. melanostoma, P. mesotropa, P. microstoma, P. orarensis, P. pilosula, P. rigida, P. scaberula, P. subplanaica, P. subrigida, P. valliculata, and P. verruculifera. The following are reduced into synonymy: Pertusaria amboimensis with P. leioplacella, P. macrostomoides, P. prolifera and P. norstictica with P. endoxantha, P. kahuziensis with P. velata, and P. robsonii with P. limbata. P. aberdarensis is suspected to be a synonym of P. rigida. An identification key to all species is provided. The type collections of three further species described from Africa have been examined: P. kigomensis, P. regenerans and P. rhodesica.
Introduction
Pertusaria is generally poorly known in tropical Africa although there are many scattered records in the literature (Messuti et al. 2007 ). Here we report the results of (up to 225 × 58 µm). A first sample has been examined by HPLC and contains haemathamnolic and protolichesterinic acids (major), decarboxyhaemathamnolic and lichesterininc acids (minor), and atranorin (minor); a second sample examined by TLC only produces haemathamnolic acid (major) and lichexanthone (minor). With the data available, we assign this population to P. commutata. Müll.Arg. (Nuovo Giorn Bot. Ital. 21: 357, 1889 ) is a saxicolous species described from Brazil and so far only known from the type material. Although the protologue includes description of ascospores, all five syntypes (G!) are sterile. They are very similar to P. commutata and contain haemathamnolic acid (major) and lichexanthone (minor). We first considered resurrecting this epithet for the saxicolous population from Mt. Bigugu, but we finally concluded that P. xantholeucoides is merely a synonym of P. commutata.
Pertusaria xantholeucoides
Pertusaria commutata is known from South America, the West Indies, south-eastern parts of the USA, southern China and Australia (Archer 1997) . It is here reported as new for Africa. In the area of study, it is rather widespread and ubiquitous, being found on trees in savannahs as well as in montane forest (e. g. on bamboo culms); it also occurs in very disturbed areas and in plantations. = Pertusaria macrostomoides Dodge, Beih. Nova Hedwigia 12: 260. 1964 A detailed description of this species is provided by Archer (1997: 114, sub P. norstictica) ; it is characterized by its verruciform, sometimes confluent apothecia, with 1-3(-4) ostioles per verrucae, eight, uniseriate ascospores, 60-95 × 20-37 µm and the production of norstictic acid.
Pertusaria endoxantha has been described from the area studied here but not close to the Ruwenzori range as the title of the paper may imply ["Lichenes a G.F.Scott-Elliot in viciniis montis Ruwenzori (0°5' l. s.) in Africa centrali annis 1893-94 collecti"]. Indeed, the locality is said to be "ad corticem 6-8000 ped. s. m. prope Kikuyu", which is in Western Kenya, or in nearby Tanzania.
The types of Pertusaria macrostomoides and P. prolifera are parts of a single collection and, although the material of P. prolifera is better developed, the epithet macrostomoides is adopted here as it appears first in the original publication. The type of P. prolifera further produces connorstictic acid. P. norstictica, formerly recorded from Australia and Papua New Guinea (Archer 1997: 114-115) , is reduced into synonymy as there is little doubt it belongs to the same species. The collection from Burundi (Reekmans 8495, LG) produces norstictic (major), connorstictic (minor) and 2'-O-methylstenosporic (minor) acids.
The rare P. undulata Müll. Arg., endemic to Australia, is very similar but produces 4,5-dichlorolichexanthone in addition to nortictic and connorstictic acids (Archer 1997: 160 (Archer 1997 ), but those species contain 4,5-dichlorolichexanthone in the former, and 2,4-and 2,5-dichlorolichexanthone in the latter, rather than lichexanthone present in P. fosseyae. Moreover, apothecia are unknown in P. balekensis and P. puffina. Pertusaria dehiscens Müll.Arg. has similar apothecia and ascospores, and also produces stictic acid and lichexanthone as major compounds but is easily differentiated by the absence of soralia. It is known from Brazil, India and Australia (Archer 1997: 55-57 Thallus saxicolous, pale grey to pale yellowish grey, rather thick, the upper surface subtuberculate and dull; soralia numerous and conspicuous, circular but poorly delimited, white to yellowish, 0.5-1 mm diam., usually with coarse soredia. Apothecia unknown.
CHEMISTRY (determined by TLC): haemathamnolic acid.
The species is named after the type locality at Kinigi in NW Rwanda, near the Volcanoes National Park where the mountain gorilla survives through the dedicated protection of local populations.
Pertusaria kinigiensis is a saxicolous, sorediate species producing haemathamnolic acid. It is similar to P. moreliensis B. de Lesd., a Neotropical saxicolous species found in central Mexico northwards to SW U.S.A. and the West Indies (Lumbsch et al. 1999 : 228-229, Lumbsch & Nash 2002 , and which differs in containing additional lichexanthone. All collections from Africa produce only haemathamnolic acid; however, one collection, examined by HPLC (Rugarama, E.Sérusiaux , LG) produces additional protolichesterinic acid (major), decarboxyhaemathamnolic and lichesterinic acids (minor). The same major compounds have also been found in a saxicolous collection referred to P. commutata (see above). Thallus corticolous, pale grey to greenish grey, surface verrucose or irregularly cracked, with numerous greyish white soralia, marginate, 0.2-1.2 mm in diameter, sometimes confluent, typically raised or subtuberculate (up to 0.5 mm high). Apothecia unknown. CHEMISTRY (holotype, determined by HPLC): lichesterinic acid (major), alloprotolichesterinic acid (minor) and atranorin (trace).
Pertusaria kinigiensis has been found on rocks in open conditions
The species is dedicated to Hildur Krog (Oslo) who collected numerous lichens in East Africa and published the first comprehensive flora of macrolichens in Africa, together with T.D.V.Swinscow (Swinscow & Krog 1988) .
Pertusaria krogiae is characterized by the grey thallus with numerous greyish white, raised to subtuberculate soralia and the presence of protolichesterinic (major or absent), lichesterinic (major or minor), allo-protolichesterinic (minor or absent) acids and atranorin (minor or absent). It is another sterile sorediate species characterized by its chemistry. P. tropica may contain lichesterinic acid, protolichesterinic acid, isonephrosterinic acid, and nephrosterinic acid as well as the thamnolic acid chemosyndrome. P. albescens from North America contains only fatty acidsallopertusaric and dihydropertusaric acids which are closely related to the lichesterinic acids.
Pertusaria krogiae is a corticolous species found in primary rather dry forests in Western Kenya and Rwanda, as well as in cultivated parks. CHEMISTRY (determined by TLC and HPLC): planaic acid (major), 2'-O-methylperlatolic acid (major), protocetraric acid (major) and lichexanthone (minor).
The species is named in honour of Jacques Lambinon (Liège) who made his extensive lichen collections from the Albertine Rift available for this study.
Only two other species have eight, rough-walled ascospores (for more details on this type of spore see Dibben 1980: 10-12) : P. parnassia Vain., described and so far only know from Guadeloupe (West Indies), and P. anomalospora A.W.Archer, Elix & Streimann from Papua New Guinea (Archer et al. 1995: 388) . The chemistry is diagnostic: P. parnassia contains lichexanthone and stictic acid while P. anomalospora contains 2,5-dichlorolichexanthone (major), 4,5-dichlorolichexanthone (major), 2,4-dichlorolichexanthone (minor) and 2-chlorolichexanthone (trace).
Pertusaria lambinonii grows on rocks and on Erica trunks in exposed situations (2400-2840 m) within primary vegetation in the Albertine Rift. Pertusaria leioplacella is a corticolous species with a yellowish-grey thallus typically KC + yellow-orange, with numerous verruciform apothecia with 1-4 ostioles per verrucae, and eight uniseriate smooth ascospores. The chemistry of the African collections includes thiophaninic acid (sometimes only in trace) and stictic acid (major) together with constictic and hypostictic acids, and sometimes 2-chloro-6-Omethylnorlichexanthone.
The type collection of Pertusaria amboimensis Dodge (1964: 255) Pertusaria maritima A.W. Archer & Elix, Telopea 6: 19. 1994 . Fig. 6 , A
The African collections of Pertusaria maritima are corticolous, sorediate (young soralia slightly immersed, marginate) and produce thiophaninic acid only (determined by TLC). It is known from coastal and low elevations areas in Australia (Archer 1997: 100-101) , where it also produces stictic (minor) and constictic (trace) acids, as well as norlichexanthones (minor or trace).
Pertusaria maritima is reported here as new for Africa, although this identification is tentative because of differences in the chemistry; indeed, further studies may demonstrate that a different species must be recognized for the African collections. It was found only in the Virunga Range, at 990 and 2300 m elevation Pertusaria melanostoma Krempelh., Flora 61: 517. 1878. Fig. 6 , B
The African collections here referred to P. melanostoma are corticolous, with verruciform apothecia, pale or black (in a single collection: Bisoke, Oct 2003, D.Killmann , KOBL) ostioles, 1-3 per verrucae, eight, uniseriate, slightly rough ascospores 75-90 × 28-40 µm, and produce stictic acid (major), constictic, cryptostictic and peristictic acids (minor or trace), 4,5-dichlorolichexanthone (minor), and 4-chlorolichexanthone (trace). They are tentatively assigned to P. melanostoma, which has dark ostioles and ascospores reported to measure 48-72 × 19-30 µm; unfortunately, examination of the type material yielded no mature ascospores. It contains 4,5-dichlorolichexanthone (submajor), stictic acid (major) and constictic acid (minor). Further study is required to obtain a definitive description of this species.
Pertusaria melanostoma is a corticolous species of the montane forest, and artificial habitats at the same elevation. It was previously reported only from Argentina and is here reported as new for Africa. LG).
The recently described P. phulhuangensis (Jariangprasert 2006) from Thailand is closely related, and differs in lacking 4,5-dichlorolichexanthone but containing additional stictic acid.
Pertusaria mesotropa has been reported previously from Sri Lanka (type collection) and NW Mexico (Lumbsch et al. 1999: 228) . It is new to Africa where it was found in the Virunga volcanoes range, in the montane forest at 2200-2550 m elevation and at lower altitude in the xerophilous forest colonizing recent lava flows. Pertusaria microstoma Müll.Arg., Flora 65: 328. 1884. Fig. 6 , E-F A single saxicolous collection was tentatively identified as Pertusaria microstoma. It has a pale grey thallus, with numerous hemispherical verrucae with pale brown ostioles, and asci with four, rough-walled ascospores, 100-120 × 34-42 µm. It produces (determined by TLC and HPLC) 2'-O-methylperlatolic acid (major), confluentic acid (minor) and 4,5-dichlorolichexanthone (trace).
No saxicolous Pertusaria species with four rough-walled ascospores are known but several corticolous taxa with such ascospores have been recorded (Archer et al. 1995 , Archer 1997 ). Amongst them, P. microstoma (Archer 1997: 107-108 ) also produces 2'-O-methylperlatolic acid (major) and 4,5-dichlorolichexanthon, but differs by containing additional minor or trace amounts of stictic, constictic and planaic acids.
Pertusaria microstoma is known from Indonesia/Java, Papua New Guinea, Australia and New Caledonia (Archer 1997) . It is thus new for Africa where the single collection was found on rocks inside a riverine forest at 1900 m elevation. Pertusaria orarensis A.W. Archer & Elix, Bibl. Lichenol. 69: 117. 1997 . Fig. 7 , A-B Pertusaria orarensis has verruciform apothecia with a single central ostiole, eight biseriate ascospores, and contains divaricatic acid and 2-chlorolichexanthone as major lichen compounds. The African specimen contains additional traces of methyl 2,2'-di-O-methyldivaricate (also mentioned in the original description), methyl-2-Omethyldivaricate and stenosporic acid. A detailed description is available in Archer & Elix (1997: 117) .
Pertusaria orarensis occurs in Australia/New South Wales and Papua New Guinea (Archer 1997; Archer & Elix 1998b) and is thus new to Africa. A single population has been found on tiny branches (collected on the ground) at the edge of a primary montane forest at 2180 m in the Kahuzi range. Pertusaria pilosula A.W. Archer & Elix, Bibl. Lichenol. 69: 127. 1997 . Fig. 7 , C-D Pertusaria pilosula (Archer 1977: 127-128 ) is a sterile, isidiate, Australian species which contains 2'-O-methylperlatolic acid (major), 4,5-dichlorolichexanthone (minor), stictic (major) and constictic acids (minor). The African collections reported here produce the first two compounds but the stictic acid chemosyndrome.
Other populations of corticolous, very similar, sterile and isidiate Pertusaria have been given taxonomic rank on the basis of their chemistry: P. buburana Elix & Archer from Papua New Guinea (Elix et al. 1997 ) which contains only 2'-Omethylperlatolic acid, and P. pilosula var. abditiva from Thailand (Jariangprasert 2006 ) which contains 2'-O-methylperlatolic, stictic and constictic acids. The Australian species P. georgeana A.W.Archer & Elix (Archer 1997: 68) that contains the isomeric 2-O-methylperlatolic acid together with the same xanthone is also closely related.
At present Pertusaria pilosula is only known from Australia/New South Wales and is thus new for Africa, even though some doubt remains about the genuine identity of the collections reported. In Africa, it appears to be a rare corticolous species in montane forests. Pertusaria rigida is a fertile species (apothecia verruciform, subhemispherical or rather flattened, scattered or numerous, confluent, concolorous with the thallus, 0.8-2 mm diam., ostioles dark, 6-10 per verrucae) characterized by asci with 8 and the presence of 4.5-dichlorolichexanthone; additional 4,5-dichloro-6-Omethyl-norlichexanthone (minor) and atranorin (major) have been detected in several collections. The presence of 4.5-dichlorolichexanthone distinguishes the species from the similar P. subrigida, which lacks lichen compounds (see under that species).
The type material of Pertusaria aberdarensis is very scanty but the prescence of 4,5-dichlorolichexanthone was confirmed by HPLC. The thallus is smooth, and verrucae have 1-2 apothecia, each with a single ostiole. No section has been made to check the ascospores (said to be 4 per ascus but with "usually only 3 mature" in the original description), and thus the synonymy with P. rigida is tentative.
Pertusaria rigida occurs in India and Australia (Queensland and New South Wales, Archer 1997). This is the first report for Africa where it was found in Rwanda (in montane forest or in plantations at the same elevation) and Kenya (in the semideciduous tropical forest of Kakamega). Pertusaria scaberula is a corticolous species characterized by disciform apothecia and slighty raised soralia and the production of thamnolic acid with or without lichexanthone (Archer 1997: 200) . All African collections contain only thamnolic acid.
Pertusaria scaberula is known from Australia, Papua New Guinea and Norfolk Island (Archer 1997) and is reported here as new to Africa. It was detected only in the Albertine Rift at medium elevations, in disturbed or cultivated areas. Pertusaria subplanaica A.W. Archer & Elix, Mycotaxon 45: 422. 1992 . Fig. 8 
, B-D
Pertusaria subplanaica is a corticolous species characterized by verruciform apothecia, eight uniseriate ascospores, and the production of 2,2'-di-O-methylstenosporic. Traces of methyl-2,2'-di-O-methylstenosporate, 4,5-dichlorolichexanthone, 2,2'-di-Omethyldivaricatic and 2'-O-methylstenosporic acids were detected in the African collections. A detailed description is available in Archer & Elix (1992 :423) & Archer (1997 .
Pertusaria subplanaica was formerly known from Australia (Queensland and New South Wales), New Zealand and Papua New Guinea (Archer 1997 by Archer (1997: 146-147) . It is similar to P. rigida which typically produces 4.5-dichlorolichexanthone. Fig. 9 , A-B Pertusaria tropica is characterized by disciform apothecia, asci with a single ascospore and the production of hypothamnolic acid. Other lichen compounds detected in the African material cited below are 1'-methyl hypothamnolate (detected in one collection), decarboxyhypothamnolic acid, lichexanthone, protolichesterinic acid, isonephrosterinic acid, and nephrosterinic acid (the latter five minor or absent). See further comments under P. commutata. A detailed description is available in Archer (1997: 211-213) .
Pertusaria tropica is a widely distributed tropical to subtropical species which has been found in Angola, Zambia [Northern Rhodesia] (Dodge 1964) , Thailand, Indonesia/Java, Papua New Guinea and Australia/Queensland (Archer 1997) . In the study area, it is rather common and has been found in montane forests (2200-2700 m), in savanas at lower elevation (1400 m) as well as in plantations at 1750 m. It has been collected once on rocks. Fig. 9 , C Pertusaria valliculata has been described by Dibben (1980: 117) and is characterized by verruciform apothecia, asci with 4 ascospores and the production of lichexanthone only. The only African specimen cited below agrees with the description, including the chemistry.
Previously Pertusaria valliculata was considered endemic to the United States (OzarkAppalachian region) and this is the first report outside this range. It has been collected once on trees in a montane forest at 2050 m elevation. Unfortunately, the only known African locality, the Gishwati Forest, was nearly completely destroyed in the nineties. Pertusaria velata is easily distinguished by its disciform apothecia, single-spored asci and the production of lecanoric acid. See further comments under P. commutata. A detailed description is available in Dibben (1980 : 76-78) & Archer (1997 .
The type collection of P. kahuziensis Dodge is typical of this species, including the chemistry. The list of synonyms for P. velata is quite extensive and has been reviewed by Archer & Messuti (1997) and Messuti (2005) ; it includes Pertusaria commutans Vain. and P. subvelatula Vain., both described from South Africa (Vainio 1926: 3-4) .
Pertusaria velata is a widely distributed species found in all continents except Antarctica (Archer & Messuti 1997 Pertusaria verruculifera Vain., Acta Soc. Faun. Fl. Fenn. 7: 110. 1890 . Fig. 9 , F Pertusaria verruculifera is a corticolous species characterized by subconical, hemispherical to distinctly flattened, sometimes confluent verrucae with a single (rarely two) rather inconspicuous ostiole, eight, uniseriate ascospores, and the presence of lichexanthone, stictic (major), constictic acids, 2,2'-di-Omethylstenosporic (major) and 2'-O-methylperlatolic acids. It has been described from Brazil (Archer 1997: 160-162) and is also known from Argentina and Australia (Queensland).The specimens from Africa differ in containing 2'-Omethylstenosporic acid (the mono-methyl derivative of stenosporic acid) rather than the di-O-methyl derivate found in South American and Australian material. We do not think that this variation is taxonomically significant. Traces of further compounds belonging to the stictic acid complex have been detected in trace in the African material: cryptostitic and menegazziaic acids; in one specimen, the stictic acid chemosyndrome was absent.
Pertusaria verrucculifera is reported here for the first time from Africa. In the Albertine Rift, it is widespread and occurs in montane forest, as well as on introduced tree species at lower elevation (down to 1700 m) in disturbed areas. 
